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Abstract 
The effects of secondary precipitates on 90Sr transport at the Hanford Site were investigated using quartz column 
experiments with simulated caustic tank waste leachates (STWL).  Significantly enhanced retardation of Sr transport 
was observed in the column contacted with STWL due to Sr sorption and co-precipitation with neo-formed nitrate-
cancrinite.  However, the column results also suggest that neo-formed secondary precipitates could behave like native 
mobile colloids that can enhance Sr transport.  Initially immobilized Sr within secondary precipitates could 
remobilize given a change in the porewater background conditions.  The mobility of the neo-formed Sr-bearing 
precipitates increased with increased solution flow rate.  In the field, porewater contents and flow rates can be 
changed by snowmelt (or storm water) events or artificial infiltration.  The increased porewater flow rate caused by 
these events could affect the mobility of 90Sr-containing secondary precipitates, which can be a potential source for 
facilitated Sr transport in Hanford Site subsurface environments.  
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1. Introduction 
Previous laboratory batch experiments showed simulated caustic Hanford tank waste leachates 
dissolved primary minerals resulting in the release of Si to solution and the secondary precipitation of 
cancrinite, a zeolite-like mineral. Enhanced Sr immobilization due to sorption and co-precipitation with 
the neo-formed secondary precipitates was reported in the laboratory batch study. However, there are few 
studies for the effects of secondary mineral precipitates on Sr transport under column conditions. In 
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addition, few studies have been conducted to evaluate the effect of colloid-sized neo-formed secondary 
precipitates containing Sr on the mobility of Sr as porewater conditions vary. In this study, column 
experiments for Sr removal and release were conducted to increase our understanding of the effects of 
these secondary precipitates on the mobility of Sr at the Hanford Site. 
2. Materials and Methods 
2.1. Materials 
 
Quartz sand (200-300 μm) was pretreated with acid washing (100 g of sand in 100 mL of 2% HNO3 
for 2 days), rinsed several times with DI water, and oven-dried at 85 °C for 48 hours before being  packed 
in columns. A simulated tank waste leachate (STWL) was prepared and consisted of 2M Na+, 1M OH-, 
1.053M NO3-, 0.025M Al3+, and 10-5M Sr2+. A solution with the same composition but without Al3+ was 
also prepared. The measured pH of STWL solution was 13.3. Physical characterization and identification 
of secondary precipitates were conducted using SEM/EDX and XRD analyses. 
2.2. Column experiments for Sr uptake 
PolyEtherEtherKetone (PEEK) columns were packed with washed quartz sand. A 5-µm frit was placed 
at both ends of each column to prevent loss of the packed materials. The STWL without Al (STWL-Al for 
S1 column) or STWL with Al (STWL+Al for S2 column) was introduced into the column under saturated 
conditions in a temperature controlled water bath (Table 1). A constant input flow of STWL was 
controlled by a syringe pump. The flow rate was initially set to 0.07 mL/h, representative of 13.0 and 15.0 
pore volumes (PV)/day for columns S1 and S2, respectively. The flow rate was changed to a slower rate 
after about 150 days reaction. The temperature was initially set to 21°C, but increased stepwise up to 
89oC. Effluent samples were collected at regular time intervals and the effluent pH was measured 
immediately after sample collection. The effluent samples were diluted with deionized water to prevent 
precipitation and analyzed for Na, Si, Al, and Sr using ICP-OES.  
2.3. Column experiments for Sr release by mobile secondary-precipitates colloids 
After packing PEEK columns with clean quartz sand for these colloid tests, the STWL solution with 
Al and Sr was introduced into the columns, which were situated horizontally, at a constant flow rate of 
0.0004 mL/min for 80 days at 90°C in a water batch to create the secondary precipitates inside the 
column. During the STWL input flow, the effluents were collected and concentrations of colloid and 
major elements (Al, Si, Na, and Sr) were measured. For the subsequent Sr leaching experiment, the 5-µm 
frit at column outlet end was removed to avoid any clogging by mobile secondary precipitates. One 
reacted column was unpacked for the secondary precipitate characterization. Column experiment for Sr 
leaching (DS3 in Table 1) was carried out at room temperature under varying flow rates, assuming newly 
formed secondary precipitates can behave like mobile colloids. The leaching NaNO3 solution (0.005M) 
was pumped upward through the column and the effluent solutions were collected at regular time 
intervals. The collected effluents were immediately diluted by a factor of about 2 to increase the sample 
volume for analysis, and the colloid concentration was determined using UV-vis at a wavelength of 350 
nm. After colloid concentration measurement, the effluent samples were analyzed for Na, Si, Al, and Sr 
using ICP-OES. Four different flow rates (0.005, 0.03, 0.3, and 1.5-2 mL/min) were adopted using a 
HPLC pump to flush  the reacted column with the NaNO3 solution to test the flow rate effect on colloid 
mobilization and consequently facilitated Sr transport.  
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  Table 1. Column experiments information. 
 
Columns S1 (Sr-uptake) S2 (Sr-uptake) DS3 (Sr-release) 
Size [cm] (ID x height)  0.21 x 10 0.21 x 10 0.46 x 10 
Porosity [-] 0.37 0.33 0.36 
Flow-through solutions STWL-Al 
(no Al) 
STWL+Al  
(with Al) 
I=0.005M NaNO3 
Flow rate  
[PV/day] and  
duration [day] 
13.0 (0-155 d) 
 
4.3 (155-237 d) 
15.0 (0-147 d) 
 
5.0 (147-229 d) 
12*(0-1.1 d)  
72* (1.1-1.2 d) 
710* (1.2-1.25 d) 
3580* (1.25-1.28d) 
 
Temperature [°C] and  
duration [day] 
21°C (0-2 d) 
51°C (2-14 d) 
45°C (14-162 d) 
89°C (162-237 d) 
21°C (0-1 d) 
51°C (1-13 d) 
45°C (13-154 d) 
89°C (154-229 d) 
 
21°C   
(0-1.3 d) 
 
   * Flow rate (PV/day) is the same as 12 (V1=0.005 mL/min), 72 (V2=0.03 mL/min), 710 (V3=0.3 mL/min), and  
      3580 (V4=1.5 mL/min), respectively. 
3. Results and Discussion 
3.1. Column experiment for Sr uptake 
 
Breakthrough curves of Sr in columns S1 and S2 are shown in Fig. 1(left). Generally, no significant 
difference was observed between the two columns at low-temperature (21-45oC up to 154-162 days) and 
relatively faster flow rate (13-15 PV/day) reaction period. However, Sr retardation was dramatically 
increased in columns S2 when the temperature was elevated to 89°C, indicating the effect of the neo-
formed nitrate-cancrinite on Sr immobilization. Slightly reduced Sr mobility in S1 column after about 160 
days reaction is hypothesized to be caused by enhanced diffusive Sr mass transfer between mobile and 
immobile regions due to increased temperature [4589°C] and increased Sr residence time [flow rate 
decreased from 13 to 4.3 PV/day] in the column. However, the breakthrough of Sr in column S1 reached 
C/Co=1.0 again after 230 days of reaction, showing no continuous Sr removal from STWL-Al solution, 
even at 89oC. In column S1, where the input STWL contained no Al, only quartz dissolution was 
expected, so the measured Sr retardation during the short period time between 150-230 days was not 
related with secondary precipitates formation. However, the nearly continuous Sr breakthrough plateau at 
about C/Co =0.5 in S2 column after the elevated temperature (89oC) and reduced flow rate conditions 
were imposed at about 150 days indicated continuous Sr removal with a continued cancrinite 
precipitation. The dissolved Si and lack of Al in the effluents (data not shown here) also implied the 
creation of alumino-silicate secondary precipitates such as cancrinite inside the columns.  
3.2. Column experiment for Sr release 
The neo-formed secondary precipitates on the reacted quartz in the columns were identified by XRD 
and SEM/EDX as nitrate-cancrinite showing 1-3 µm sized needle-shaped precipitates. The colloid and Sr 
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breakthrough curves at four stepwise elevated flow rates (V1=0.005 mL/min for 0-14 PV, V2=0.03 
mL/min for 14-27 PV, V3=0.3 mL/min for 27-54 PV, and V4=1.5 mL/min for 54-81 PV) are shown in 
Fig. 2(right). Increasing the flow rates resulted in enhanced colloid leaching. The breakthrough curve of 
Sr also showed the same pattern as the colloid breakthrough as the flow rate increased, indicating that 
colloid-facilitated Sr transport was occurring. We hypothesize that the Sr was part of the mobile 
(colloidal) secondary precipitates. This nitrate-cancrinite colloid-facilitated Sr transport was supported by 
difference between total Sr concentration in original effluent without filtration and Sr concentration in 
0.45 µm-filtered solutions, which showed lower Sr concentration in the filtered solution (data not shown 
here). 
 
 
Fig. 1. (left) Sr breakthrough curves in columns S1 and S2; (right) Colloid and total Sr breakthrough curves from DS3 
column at four stepwise elevated flow rates (V1 - V4: 0.005, 0.03, 0.3, and 1.5 mL/min for 0-14, 14-27, 27-54, and 
54-81 PV, respectively). 
4. Conclusions 
The mobility of Sr was significantly retarded due to the incorporation and sorption to neo-formed 
cancrinite, under conditions where the precipitates formed. However, the results of column experiments 
suggest the neo-formed secondary precipitates could behave like mobile colloids that can facilitate Sr 
transport. Initially immobilized Sr-containing precipitates could remobilize given a change of background 
porewater conditions, especially with the increased leachant solution flow rate.  
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